Large insert genomic bacterial artificial chromosome (BAC) libraries were constructed from a basal chordate, the ascidian Ciona intestinalis . Insert analyses of randomly selected clones indicated that in the first library the mean insert size was 135 kb and predicted a 15-fold coverage of the Ciona genome, and in the second library the mean insert size was 165 kb and predicted a 5-fold coverage of the genome. These first large insert genomic libraries of the ascidian should increase the speed of genomic analyses of basal chordates.
Ascidians or tunicates are basal chordates, and they have served as experimental systems in various fields of biology, in particular developmental biology, for more than a century (Satoh, 1994) . The fertilized egg develops quickly into a tadpole larva, which consists of a small number of organs including the epidermis, central nervous system, endoderm and mesenchyme in the trunk, and notochord and muscle in the tail. This configuration of the ascidian tadpole represents the most simplified and primitive chordate body plan. Embryogenesis is simple, and the lineage of embryonic cells is well documented. The ascidian genome contains a basic set of genes with less redundancy compared to the vertebrate genome (see below). Cloning and characterization of developmental genes indicate that each gene is expressed under a discrete spatio-temporal pattern within their lineage. In addition, the use of various molecular techniques in the ascidian embryo system highlights its advantages as a future experimental system to explore the molecular mechanisms underlying the expression and function of developmental genes as well as genetic circuitry responsible for the establishment of the basic chordate body plan (Satoh, 2001; Corbo et al., 2001) .
Ciona intestinalis is a cosmopolitan species used by researchers world-wide, and spawns all year round. The eggs are self-fertilized and the generation time is about 2~3 months. These conditions allow us to screen for mutations that affect developmental processes (Nakatani et al., 1999 in C. savignyi ; Sordino et al., 2000 in C. intestinalis ). C. intestinalis has a diploid DNA content of 0.42 pg which is one-third the content of cephalochordate Amphioxus. The genome size of C. intestinalis is estimated to be about 160 Mb, and the number of protein-coding genes approximately 15,500 (Simmen et al., 1998) . The gene number and genome size are significantly lower than those of vertebrate chordates, but comparable to those of other invertebrates in distantly related phyla such as Drosophila melanogaster and Caenorhabditis elegans. The vertebrates have 30,000-40,000 genes, but the genome size varies greatly between, and even within, lineages. For example, a pufferfish, Fugu has the smallest vertebrate genome at 400 Mb, while mammals, humans and mice have about 3,000 Mb. Compatible genome size to other invertebrates and basal phylogenetic position in relation to other chordates, make Ciona an ideal reference genome.
Because of high cloning efficiency, easy manipulation of the cloned DNA, and stable maintenance of inserted DNA (Shizuya et al., 1992) , we constructed large insert genomic libraries derived from Ciona intestinalis using the BAC system. Although the YAC system holds a larger insert of more than one million bases, there are some difficulties with a relatively high incidence of chimerism and instability of the inserted DNAs. The C. intestinalis genomic DNA was prepared from sperm.
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ac.jp Sperm cells were obtained by dissection of sperm ducts of a few hermaphroditic adults. The BAC library was constructed as described by Asakawa et al. (1997) and Matsuda et al. (2001) . High molecular weight DNA was prepared in agarose gel plugs containing 10 µ g sperm with a final density of 5 × 10 7 cells /plug. For the 1st library, DNA was partially digested with Hin dIII and selected in the size range of 100-145 kb by pulsed field gel electrophoresis (PFGE) using CHEF-DRIII (Bio-Rad). The size-selected DNA fragments were ligated to pBAClac (Asakawa et al., 1997) and used to transform E. coli DH10B cells. Using a Q-Pix robot (Genetix), a total of 18,432 BAC clones were picked and arrayed to 48 384-well microtiter plates containing LB-7.5% glycerol plus chloramphenicol. The plates were incubated overnight at 37 ° C, replicated and stored at -80 ° C. To evaluate the average insert size in the library, 40 clones were randomly selected from the BAC library. BAC clone DNA was then completely digested using Not I and the average insert size was estimated by PFGE analysis. A representative sample is shown in Fig. 1A . All fragments generated by Not I digestion contained the 6.7 kb vector and insert fragments of various sizes. Figure 1B shows the insert size distribution of the Ciona BAC library. The average insert size of 135 kb was estimated by the present analysis. The calculations predicted a 15-fold coverage of the Ciona genome.
We also made the 2nd BAC library from sperm of a single animal. Partially digested DNA was size selected between 150 kb and 200 kb (data not shown). A total of 4,608 clones were picked, and the estimated size of this library was 165 kb. The calculations predicted a 5-fold coverage.
In C. intestinalis , extensive analyses of ESTs, cDNA sequencing and gene expression profiles are now underway (e.g., Satou et al., 2001 Satou et al., , 2002 . In addition, the C. intestinalis genome consortium is close to completing the genome of this species. Therefore, ascidians may provide an ideal experimental system for future studies of the gene function, genomic structure, and genetic circuitry responsible for the establishment of the basic chordate body plan. The BAC libraries established in the present study are ready to be used in the genome scientific studies of basal chordates. 
